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^ ^ -M^A>ol = nv ^ ol§ A}-g-*}a} ^^.^ aV£^l^^# afl^th}. #7l u]5g ^> 

=■ ^^a>o1h. «>£^7l^; #ofl ^7R}ib(at least one species of 

additive element)!- H-Fr^-^ (containing) M*fl ^"o^M- ^*}^ ^* h^IW. # 7 1 *H 
£ ^fr^l ^7>^^S] ^-^(content)^r 0.1 atomic% 10 atomic%°li=K o]o]a] t ^7} 

tJ-^-g- g^t tiis^ll 71^-g: <l^el*}oi #7l ^ #7l av£^7l^ S>-S-°fl 

^*fl ^ ^^AHE^t ^"71 tHo te^7l^r 

^ A oHl *V3l5. ^Jf ^ ^e|A>o} = ^. g ^ /i^4o|£D^ 

#feth °1 ^o-ofl, # 7 i ^ -ae|A>o} = ^ ^(first content)^- 3 

<>\5. *V #-fh^ ^7>^ih(at least one species of additive element)^- ^tt^-JI, ^7] 

M^fi ^ ^elA>ol^^ #7l ^ 1 f-^Cf 3. *j|2 #7l a^JE ^7> 

€db# f-^^cf. SEth ^"71 ^ ^AH^*- #7l ^ U|3g| ^ ^AH-EL 

£ 1 
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^] 

^ ^^A>ol = n| ri oji- A}-g-*><*| «>£^^HNickel alloy salicide process, 

Methods of fabricating a semiconductor device using the same, nickel alloy silicide layer 
formed thereby and semiconductor devices fabricated using the same} 

51 l£r ^Al^s-ofl Hl£^^>o] ^y^s.^ Aj^^l ^ 

S.(process flow chart 

£ 2 tfl^l £ 6£- *fll ^A]oflo|| tiV^l^o) ^S^-i- ^^*>7l 

£ 11-8: ^Alofloll 14^ ^2:^ u)^ eJ-^ ^e|A]-olc^.- oj eg ^ ^ 

(thermal immunity) ^ ^2fl^ -^&| A>ol = nvs- o| vfl^^. Jic^^- ZLHflH^cf . 

5. 12^ ^A]<^|ofl tq-aj. ^]2^ ^-§- ^^A>o]h.d|s.o] ^^-^ ^o_j £ 

£ 13-8: ^Al^jofl Aj-g-s^ ^#^f vfls] ^# ^(tantalum 

content H *r€- -^-8- JS.^^ ZLaflHojcj-. 

42-4 



«4 
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*i*r J r l3 'r ^ D 1^(TEM; Transmission Electron Microscopy) -M-^ 0 "! 1 ^. 

<9> ^. Afl^Afolc ^ f o]M. Aj-g-fsH tiV£^^7>l- ^S^Rr ZL oil ^*fl ^ 

^€ ^ ^A}ol = m- ^ on- A>-g-*H ^l^sl tiVs^l^Hl ^rtr 3i -2.3., ^1 
iSelAi-ojrL A}-g-*H tiVs^i^l-* *ll2:*Rr U-^, ml ^*fl ^ *2 

<io> a> £ ^i H^H^Eis}. ^-o. 7flt^>(descrete device)* i^43 ^>S. ^ 

Sl ^^Jl ^Cf. #7l tiVS^fl ^*r^ ^^£7> ^7>^-o]l ol-5| i Aj- 7l S.^ H^^l^Bi^ ^ 
^1°^ ^-^51^ 5^. ZL ^4, A oM £i H^l^^l *fl^ ^ol7> #4i*H Jl^ 

(short channel effect )7> ^Ajj^-cf . z^o} tIMe ^^-2] ^ o_s. °| 

O^tf. <>H1 ttr^r, ^71 TflolH ^7l^<y 7^1-^ ^7>«];rf. Aj. 7l 7 flAj 

*>7l ^^a-1^ ^-71 S.^ B^l^Sl ^>i/=5llo] <m°\ junction depth)^ o> 

^r^M ?11 °1H ^^^Sl ^Al7l^ A^tf. ^Sr^^-S, #7l TiMH 

*RKR)-8r ^-71 TllolH nn^^OA ^7H_Vtf. Ol T^-fofl, ^7] 7^ 

^7l^o] aj^o) ^^^^(transmission speed)^ RC *l<£H7j(Resi stance-Capacitance 
delay time HI 7l<y ^}<^ i^e^cf. 
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(sheet resistance)^ ^rtr^r. ^ ^4, 2-^ H^l^E^ 

(drivabilityH ^*>^cf. °H1 n}-e}-, ^7} JL^q «V£3l -H^(high 

performance) £i H^l^-I- Jfl«H -t^H H. (sal icide; self-aligned 

silicide) 7l^o] ^e) A]--g-5l ji ojr}.. 

<12> Aj-yj ^^AfolJE. TflolH ^ ^ d^i/JEL 31 <?] « #°fl ^ij^AS -g"^ 

^^Aj-olcDV^ *gA^H #7] TflojE *l^r ^ i^/^eflo] <^^£l ^7l^<y 
^tr ^"^71 ^(process technology)^ cf. ^- 7 ] ^e)A>ol c o}- o_ s 4! a}-o] j= n}- ^ 

^ Ef°l^ ^^A>o1cdV -ol ^^JL S-^l, ^-7] ^elA>o]H.^ 7^%V 

£ ^d-s-s] tfl^H nfl^- ^ Sj^i ^.oicf. o]o)l o|-e)-, ^ c^fl^ s.^ B^H^i 

<13> ># 7 ] ^e)A>ol = BV^; « 0 >^ol nl^-s-^ ^15,989,988^^1 "^:£*||i*> ^ 

n ^lS* 3 ^ (semiconductor device and method of manufacturing the same)"°l 
oH^Klinuma) -f^l ^1*11 7flAl^ a} o^cf. 

<14> W, ^-71 TflolH ^-ol °}= 0il ^ ^ ^o. ^0.0^ ^-^(agglomeration)^e)- 

Jl ^<H1 7l<?l^H ^"71 S^-H ^BlAVolJcn^o] 3 _g.ofl ^^ 7 > ^Cf. ol ofl tt)-^ 2^ 

°fl ^BlAfolc 7l#ol Jl^^ E ^fl^l^E^ ^^.oll A}-g-5Ll ^Cf. # 7 1 1^)^ ^e) 

Al-ol^ 7 l#ofl o^gfl ^5}^ ^al^ol^^o. ^a 1(diverse composition rate) 

1- ?M ^ ^cf. ofls- ^.71 ^slA>ol = D]-( nickel silicide layer)^ ^o] £ 

^elA>oi^^-( di _ nickel m ono-si 1 icide layer; Ni 2 Si layer), 2.ic ^elA>ol^.^- 

(nickel mono-si 1 icide layer; NiSi layer) £E^ ^^J tfo) ^5]A}ol£D|( nickel di-si 1 icide 

42-6 



1020030042838 #aj ^7}: 2003/10/13 

layer; NiSi 2 layer)^[ 4 1 °1» i-M ^^Ws.^^ #7l 4€ £t ^^Afo] = o}- 

(NiSi layerH 7># ^ al^%>(resistivity)* ^M-, ^7) S.^ ^B]A>olc 

^•(NiSi layer)^: 350°C ^*1 550°C^ 7-l^ofl^ ^^5]^ > # 7 } cfo| ^e)A>ol^. 

^(NiSi 2 layer)^ 550°C^ ^ ^£0^ 44*1, ^^^(low resistive) ^ 

^ ^ zl ^ ^o) 550T:iL4 ^ ^£^1^1 ^£M 6 > tbcf. ^ ( #71 q*S ^^A>ol = 

7l#* A>-g-^ ti>£^1^7l-l- ^2:^>7l ^ <I*i4 ^*cH ^TlHl *)1 4°1 4^4. 
<15> o. S> #7) ^^A>o]= 71^-i- ^^5j-Al7l^ £L^-£4. 

[^-^ol ol-^7 7> ^ 7l#^ 4*)U ' 

<ie> ^ «v^ol °1^4 *Rr 7l#^ 4^1^ ^7l^o] If-^ 7-1 ^(degradation of 

electrical characteristic) &<>1 ^4 #7M^[ ^ ^ ^ ^a} 

^SHr 31 014. 

<17> ^r$o) Ol =.J77> ff}^ 4^ 7l#^ 4*ti^r 2|^5r^ M€ ^ ^Aj-Olc ^ -g; A> 

-g-sH oV^tr #713 ^(stable electrical characteristic)^- ^ «K£*ll4i7}^ 
^l^wj-^-i- ^fl^Kr xHl &4. 

<18> ^ ^ol ol^j7 7> 21 4^ 7l#^ -EMl^r 13-°^ <?>^tr 4€ ^ ^aHjeL 
^ afl^-SHf- c-11 014. 

<19> .S. ^O] 0)3*317). ^ tf-g. 7l#^ 4^1^ 13-°-^- <^tr ^ ^4°lJEL 
4* #5i*\}±x\% *H^*Kr n &4. 
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<20> a o v 7 ] 7l#^ ^11- o]= 7 ) -g- ^fl-tb(novel) ^ ^e)A>o]^ ^ 

* °1 ^ o. *l^}7]% #ofl *H:E *p % 7 }Q±Ut least one species of 

additive element)* U-fr^bC containing) M€ ^-^(nickel alloy layer)* ^^r^ 33* 
if-W. ^71 z^ojsi ^ ig^cq $7}Q±9) ^(content )£r 0.1 atomic% tfl*l 10 atomic 

«]:£^7l^ ^A^lnf. zl ^31-, #7l ti>£^7l^r ^-ofl ^ ^e)AVol = ^ol 

<2i> a o v 7 | ^o^ £ *v ^=cq ^7}^^ €^#(Ta), ^2 3t(Zr), Ej-o]tWTi ) , *}^M-g- 

(Hf), ^31(W), ^S(Co), ^(Pt), ^l-(Cr), ^H^-g-CPd), Wpi-m-S-CV) ^ 
(Nb)^-S o]=o1^1 ^ ^ AjEfl^ 2]<H£ ^<4<^ 4^ $X^. 

<22> 5 c^- ; Aj-7] <g^e^ 200°C ^fl*l 700°C^ ^r£ofl^ ^a]^ ^ ojcf. 

<23> Aj-7] r}s 7]# ^ 4^1- ol^.7l ^^^(optimized) ^ >gs] 

71 TflolH a^o] ^rt^. gi=. ^)o]A-]^- ^Sjcf. Aj.7] 5.^ E^^^ E ^ 3£.^>^ 

71 ^<^£ ^=.0] ^ 7 >^i^ 0.1 atomic% vfl^l 10 atomic%°] 4. q 

^M] q^ ^ ^^A>Ol^^ ^Aj^Cf. 
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<24> #7l TflolH sfl^ TflojB $.^4: £5^- ^ Si*}. O] ^^-6\} > AV 7 ] 

7i ^g-^* ^^*>7i ^ofl -^-7] eii <y v\^el nm-jr ^ 

71 TllolH ^q- ^Hll> ^3 O.S. ^^^4. 
<26> ^ ( ^-71 TllolH sfll^ TflolB ^ ^ TflolB ^^1* 

#3E^- ^ ^Cf. ^7l TflolB 711^^- 3flH^ ^<^n|-O.S. ^^4. °1 ^°ll , ^ L] 

<27> ^ ufo>7H ( 711 olH *r3l5. TIME TllolH 7fl^ 

^-f^l, ^71 ^^^>7l ^-71 ^i/JELEll^ <3^-g- ^ 

D li3 Sfl^^- ^T5}JL ^7} 711 olH sfl^-i- ^7l*>^ ^-71 TlM^ £^ 

ic#A^ ^ o^rf. o] ^-fofl, #7l ^ ^A>o]t=uK^ AV 7 ] ^ E ^ Aj-ofl n> ^ B« 

<28> ^-7] i£ cf-E- 7l#^ £ ^ ^ ^ o]-^Aj( improved 

thermal stability)* £fe M 5 ! ^ -M^H ^l^tr^-. <=>1 ^ ^^r^H.^ 

ti>£^l7l^ ^M] ^HlS. 3#£ ^ ^ ^^A>oi^n^ * aj-w. ^ ^3 

xfoi = nv # i^*Vcf. Aj-7] ^j=l ^ ^^Afolcnv^ ^ ^(f irst content)* ^ 

tr ^^-^1 ^7>-^di(at least one species of additive element )# tHrSl-Jl, -#7] ^> 

^ ^^A>ol = n^o. ^-71 ^-^C| ^ ^ ^-71 ^O]^ ^ 
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%7}Q±^ ^-R-^-rf. #7] ^ ^-g- ^e)A>oi = ^o. ^ 

<29> ^- 7 l ^o^ £ ^ ^=o] ^7H)^r ^f-(Ta), ^S3t(Zr), EW^m), *}Hq-§- 

(Hf), ^i€(W), iS^BCCo), ^(Pt), Hf-(Cr), #^-g-(Pd) ( w>M-^-§-(V) ^ MiM-g- 
(Nb)°.sL o)^o]^\ ^ ^o] S _ ^q-o^ - oiq. 

<30> ^.s^^tH^, ^ ^.^g. o atomic% ufl^ 4,9 atomic%^ ^ SU, #7] *\}2 # 

^ 5 atomic% 60 atomic%^ ^ 

<31> SLt}", ^ ^ ^E]AHE^ ^-7] ^ ^elA>o]c^ ^-^j 

(total thickness)^ 3^5= 70%°fl «fl^>fe ^Ml* ^Hr^f. 

<32> Aj- 7l H ^3 71 -BM1-I- 0)^-71 £3-2-3. ^ ^ M ^ ^ ^ 

(spaced apart) di^.^/^efl^l <S^* ^ ^7] A>ol^ ^ cgcacq #j=l 

°fl Tfl^lH *l^hg- ^Hl^cf. s&7] ^i/^eflo] cg^l- ^/H^r #7l TflolB # 

ofl ^Jf qaj ^Aj-o]j=n> q^ ^ ^Aj-o] cnVo] ^f^Cf. #7] <5> 

^ ^el^V^ = ^ *U ^HK first content)-!: tr #fr^ ^7}Q±( a t 

least one species of additive element)-!- ^--B-s>ZL, <$7) M^O -^e) a>o] c.nv^ ^. 

71 €■ ^2 ^-7} x\o)5L *}^2] |7^if ^trcf. 
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^*>7lS tbJ=h ZLeii4, £ ^Hl-^l ^2 4t l^fl 

3 ^ 5fl2E» ZL^JI ^^oflTfl ^ A >^o] ^g.*] ^ ^sfl 

H^#<H1 &<>H, ^ g ^M|fe 7l^>7l 

<34H ^<H^ #3£idM£- -^tb -^^ A^i-ir-i: M-E^cf. 

<34> JE l£r £ t^^l ^ ^Al^oll ^ ^^A>ol= ^ £ OH- A>-g-*H 

*HdM-# *fl2:SRr ^-g- ^^*>7] ^tb ^ ^i£(process flow chartHi}. afb, £ 2 
£ 6^r €■ ^3 H ^HH ttj-^. ^ ^^A>o]^ ^ ^ oll . A]~g-SH U> £ ^ 

<35> 51 1 ^ J£ 2# ^§>^, «V£^l7l^r(51)^l ^<^^ofl ^7>^-e|B]-(53)^- $-S*H % 

^tb^-. ^71 a>£^l7l^:(51)^: ^3^. 71* 2^ ^iLoWCSOI; silicon on 
insulator) 7l*«J *r °H ci«H . #7l o>5.^7l*(51)^r 7fl ^rwCGe) gc^. <£dfc:(C) 

Mr 7l*(strained silicon substrate)^ ^S. 9X^. 

^ ^oH] TflolH ^<S^(55)€- ^^^tf. <#7] TflolB ^£^(55)* £fe «>J£^7l*^ ^ 
°fl Tfloje jE^^Kgate conduct i V e layer) ^ 7fl°lB. ^^(gate capping layer )■§■ $ 

<36> 4 v 7l TflojH a]^^ ^ ^ 

^ 5^. ^^Hr >{j-7l TflolB H^^te ^Ble^, ^€ ^SI-^CWN layer; tungsten 

nitride layer) ^ U^^-g- aj^Al^o} <§^^- ^ ojcf oj ^-fofl, # 7 1 -gej-a 

^. E ^S1 ^5b^- ^ ^ 800AS1 50A^ ^71) ^ 500A^ ^jg. 
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*r 9X^. SEtb, #7} 7flo]H 7fl^^ ^s}-^ ^^5Vo S 

TflolB 3fl^(60)* 1^ &7>\} 1). ZL ^3]-, #7] 711 olB ^fl€(60)^r 

XMH ^-=-(90) ^ TflolB a||^(59)# a^cf. ^-71 TflolH 7fl^^ ^ 

o] ^^-oll^, ^7} 711 °1H ^(60)^: ^-71 TflolS ^^"(90)^5. ^^cj-. # 7 1 

TflolB JE^-i- ^^snv ) ^^(WN layer; tungsten nitride layer) % ^fc^-fr 

*HlsL ^a]^ ^*Rr 3**11, ^"71 71HH ^(90)* *>sflS sf|€(56) ( 
2]5^ Jflfi(57) ^ ^€ tf&(58)-& °lSRr ^ , #7] 7flo}H 

^^^nVn>o. S ^*Rr ^-f^l^", ^71 711 olH €^(90)£- #7l ^ -g- 3fl ^ (56) o]i=L 

A oM 7flo) S ufl^(60) ^ ^>^-e)^(53)^r °l£r^°j # 7 ] 
^cg^ofl *)H ol^-s.^. ^oj^ ^c]cl(LDD; lightly doped drain) <^#(61)# 

1^1 cfTll 3). #7l *)U lr^# ol^-s.^ N ^ ^§ ol^-s. ^ o]^. 

£ 1 ^ £ 3# #2:^, ^-71 <&t]t\ <g^(61)-g- £fe ^>H^l7l^ ^ 
A i ^^M: ^71 >i*H^ ^<^^ ^z^}-o} TflolH 4^(60)^ ^ 

^loM(63)!- ^^^tfCS. 1^1 ^Tfl 5). ^7) Til olH n €(60), ^HAi(63) ^ di*} 
£3^(53)^- ol^-og 4 i3fs A>-g-^ a o v 7 i %^<^^ofl ^ 2 o],g-s.-§- -oj^ H 

^^/^Eflo] <^^#(65)# ^?rCr(5i 1^ c^l 7). ZL ^4, ^ ^sfl oj ^ ( 63 ) o} 
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#7l <£v)v] cg^=. (61) ol ^tbcf. #7l ^112 ol^-s. ^a] lr^# oj-^-i- gii=. P 

#7l ^iLiAE-Zfl^ ^^#(65)* ^ te^H^ #7l db^/^5)]o] eg 

<3*(65) iflS] Ol^-S.^- §^5}-Al7jcf(i 1^ 9). ^-7] ^^/=eflo] ^ 

3£r 830°C vfl^l 1150°C^ -^^H ^ 1*13 A>-g-^ ^Al^- ^ #7l Tflo] 

— ^(60), TflojB ^^^(55), iiLi/=eflo] cg^s. (65) ^ -MM^ ( 6 3)^- 3.^ H^*l^i 
Ef# ¥#W. #71 i^/=ello] ^^s.( 65 )o. ^ ^ AHH iAi « o v^ ol^ofl o^e^H 

21 y o^l-8r *r-8-*M ^ sm. <« #7l 4i^/=eflo] ^<^#( 6 5)^ «V 

£^l7l^sl S'SA^^-Ei ##5} ±.SL^/S.$l<& :§-.§. t§#SKr « 0 >^ , ^ ^^yfloiB)^ 
(elevated) dfci.2.^/.E.3l°] ^<^# ^*Rr ^>-g-*><^ *§#€ ^cf. 

5. 1 ^ £. 4«- ^S*}^, #71 i^.i/=3fl«?l 1*1 Sl <£jgL^ aV£^l7l^:Sl K^l 

* 4I3*W #7l ^^/^eflol cgcd #(65) Aj-011 #€^Kr 7 r <3#S|-^(native oxide layer) 
^ -2. ^^V-f-C contaminated particles)* ^7l*!-cl-. #7l ^l*^ «hE.*ll 71^21 ^ #ofl q 
^ ^^"(67) ^ 7fl^^f(69)* 1*1 c^j n) ^1 ^^(67)^ ^ 

tr W^l ^7>-^di(at least one species of additive element)* tHr^rJl, #7l qaj 
^^-(67) vflai ^. 7 i i$7}Q^ ^(additive element content)^ 0.1 atomic% ^*1 10 
atomic%^l ^}^^^}^. 

#71 ?^o]5L tr ^7R1^ 3r^-§-(Ta), *l=iS^-(Zr) ( BM^m ) , 

(Hf), ^Sl(W), S^-H(Co), ^(Pt), £l#(Cr), ^Hl-q^-(Pd), wl-ul-cl-g-(v) ^ q^«l-g- 
(Nb)JL5L ol-ol^l <y A^S} ^ol £ - o!^. ^1-71 2}<HS. *V $ 7 >^fe 

^ <I^5l <^5H- ^7>A17JC]-. #71 ^q|(67)ol #71 ^ 
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(thermal stability)^- IHM ^l^f. 

<43> ^ ) ^-7] 7fl^n^(69)€: ^0]^ ^ O. JL 3^ ^ ojt} o] Tj^-ofl, Aj- 7 ) ^0]^ 

<44> £ 1 ^ £ 5t ^S*}-^, ^-71 ^^(67)^- aVE^^l ^ 

^(silicidation process)^: ^-g-^r^-(£ 1^1 #711 13). #7l ^ejAj-olc jr). 

^71 i^^ ^"#^(67)^: «V5L^l7]^;# 200°C ^flx] 700 ^S^M t^SKr ^-fr 

if-W. yf^-^^Mlfe, ^-71 ^^A>ol=5). 300°C ifl*l 500°C^ ^lEofl^ ^A^tf. 

A o V 7] <g^£} ^-7] t^^(67)^r ^"71 4i^i/^^o] eg 0^(55) ^o] Q*}^. 

^ ^s1^>^ = ^l-(67c)^ # el ^313 >8-7l ^ -Ms]a}o1.e.^ 

S-(67c)^ ^€ ^ ^^A>olH.nV( 67a ) ^ ^£)A> 

<45> Aj- 7 ] ^u. ^ ^ ^e]A>olH.^-(67a) ^ ^7}-^ ^(additive element 

content)^: 0 atomic% 4.9 atomic%^ ^ 91 3-, #7] 4*9 ^s]a>o] = nV( 67b ) 

^ #7l ^7}^ ^ 5 atomic% ifl*l 60 atomic%<a 9X^. , ^7] u|2§ 

^ ^^^H = ^(67b) tflSj Aj. 7 l ^ 7 }^ ^-7} ^ ^ ^£]A}olJE.n1-( 67a ) 

^ A oM ^7>^4i ^^Cf 3.4. SEth ^7l *}-Jf ^--g- ^£]A>olc^. (67a) c. ^ ^ 

^ ^^A>oiH.^-(67b)^4 ^£4. ^I^jls, ^7} a>\if ^ ^ 
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<46> ^-7] o]H BflBi (60)^1 <$7) ^ (56)^^ ^l^^l , #7] ^€ ^-g- 

^-(67)^ ^ -g-o]- ^-7] ^^(56) #6fl ^-71 ^ ^e)A>oi = n|( 67c )5q. 

•S-^tb l-^^SCsame material structure)* ^-g- ^€ th'o -^e^HH-^rCEAl^.*! ^ 

<47> Aj- 7l ^jolH ^^(60)^: #El^^^-<4, Lfl<i^ ^ ^e)A>o]cn]- 

^ ?ti^ ^^-8: ^£ ^7} vfl<l^ ^ ^5lA>o]^.n|-o. ej^^ 

o)EL*\<L5L f§^^ - o^. o] ^ofl, ^ ^3 A}c>l j= nl- ( 67c)-g: ±SL^/B- 

<48> ^-^(67)'°! 550°C^.q- ^ £r51olH ^sm^l^, ^"71 ^ ^5} 

4°l = D 4(67c)^ ^sfl^l M^i S.^ ^e|A]-ol^^-( N iSi layer)2)- -g-^ #7l^<y -I^-g: ii^j 

<49> Tfl^slH, ^"71 ^101^(63), ^l^eKra) ^ 711 olH ^^(59) qa>-§- 

€ ^^-(unreacted nickel alloy layer)* ^}7]^. ^7} nl^H-^ % 

^>-§-^( sulfuric acid; H 2 S0 4 ) ^ ^Sr^i (hydrogen peroxide; H 2 0 2 )^ ^^"-g-^ (mixture) 
* ^]~§-^H ^7^ + q. Aj-7] Djwv-g-^ q^ ^^o) ^t^J- ^71 7fl3§ n^ (69 ) ^ 
B^(strip)^ ^ 

<50> £ 1 ^ £ 6* ^S*>^ , ^7} M€ ^ ^^Afolcq| (67c) o. ti}-£^7l^ ^ 

^^-^^^-(69)* *§^th=rC£ 1^ #7fl 15). ^"71 ^^^^(69)* sflE^H ^7} 
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i^/JELefloi <3°3*(65) #21 #7l u)^ ^ ^e)A>ol = n}-s.( 6 7 c )^. ?} ^ aSjiff 

# 7 ] 3.^^-0- ^ *}:5L$\7)$;9) ^ #ofl ^f^M: ^^Br>JL, #7) 
*H^*M #7l ^hh^s-o. g fe ^«fl^(71)-g- ^^(51 1^ ^ 17). 
<si> q-§-°fl, £ 7* <g -a ah on trfej. ^ ^e)A>oij=^ 

<52> £ 7^- ^ al-H^fl 71^(51)^ £^1 a^ oj^s} ^. ^ ^ 

?1) 0 1S ^(90H «fl^l€tf. #7l TflolH *}^(90)£- #71 ^ O.S.^-Ei TllojE 

^^^•(55)^] ^*fl £^tj-. SEth #7] TflojH #^-(90)£- al^^ sfl€, l-el-is]^ 

aflU 5Efe sflEd4 ^ ^^l^- 3fl^i(-£ 2 tfl^l £ 6^ 56)<H ^ &t}. o)^ 

^3, #71 TflolE £^(90)£- #7] Bfl€(56) £ #71 2fl^(56) #o]] vfl 

1^ -S^aWS. ^-S. $X^. Dl M-o>7>a^ , Tfloje ^(90)^ £ 2 

*fl*l £ 6°fl J±oJ*l wfsq- Qo] *Hs. ^e]^ 3fl^i(56), 35fl^(57) ^ ^ 

2fl^(58)# ^ &cj-. #71 TllolH ^^-(90)21 (63)3. ^ 

#71 i5j)olAl(63)^ *HM|fe #71 i^.^/=efl<?l cg^s. (65) _o S «. E | <g#^ ofl^^ 
^^l-(61)ol ^ oicf. 

<53> #7l ^^/^eflo] (65)^1 S^l- #ofl ^ ^e]Al-ol = ^-s.(67c)ol 

cf. oH t^}^, #7l 711 °1H ^^-(90)^1 #71 ^el^ ^(SS) 1 ?!:.^ °l-f-<H*l ^-f^l, #7l 
^^--/-^^l ^^l-(65)sl S^#^f ^e^i #71 ^^(56)^1 #^ #ofl # 7 1 q 
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<54> j$ 7 ) ^ ^^A>ol = sV 1 .( 67c )^ zj-zj-o. ^ s ^.h. ^ ^ ^e|^ ol 

JEL^(67a) * #^ ^ ^^A>olcnv (675) ^ i^Vcf. ^7} t}^- qsg ^ ^s)A>ol^ 

^(67a)£r *fll ^(first content)^ ^HS. *V ^7>^^ ^-f^l-JL, #7l #^>- ^*fl 

th^-fr 0 atomic% ^fl*l 4.9 atomic%<y ^3 °1 w>^-2j*>JI ( #7l afl2 5 atomic% vfl*] 

60 atomic%<?] w>^-^^>r}. o] ^-sf-ofl, #7l $7Hldife ^#(Ta), 

^l^(Zr), o}B}^-(Ti ) , *>=i-|-g-(Hf), ^iffl(W), 3fH(Co), ^(Pt), 3.f-(Cr), # 

5^, #71 M€ ^ ^^Afo]cnV (67a) ^ A o > 7 ] ^-w. ^ ^^A>olcrt( 6 7 5)£L c|- 

^Cf. #71 ^ ^ ^SlA>olcnV (67a) o. ^ ^^ A >ol = SV 

(67c)3 ^M^NflSj *M.£ 70%°fl Sfl^Kr 3HrCf-. 
<55> £ 8 vfl^l £ 10^- ^^^1 tf-g. ^AHHl 4s. H}^]^^ ^1S« 0 >^# ^^^>7l ^1 

<56> £ 8 o. % V S ^ > £ 2 ^ IE 3^11^ Aj^5| ^AHlfi^ tiVtt^ A}-^}^ S.^ H^l 

^ ^ W . *J*HHH, #7l H^S^l^E^ TllolH sflH^r £ 2 ^ £ 3ofl 

^Sl€- 311^(56)^ £5L^ ^^^cf. cf^-ofl, ^.71 2.^ h^^I^I- ^S.^]7]^: 

^ ^ #°fl ^£3. ^ a>^-^^Ml^, #7] n>^H #7l sfl 

H(56)<H1 cfltsH -iizl- ^i^wl# ££r *3<g^o.5. aV 7 ) ^<g^ 

^Sl€- ^S^iLS. ^ Sat]-. #71 P>^3. ^<£*bg- ^W^H #71 ^5l# 2fl^i(56) 

■$r ^#Al7l^ d}a 3 afl^UOl)-* ^^W. OL ^01^ #7] 4i^^/=eflo] ^^ #(65) 

^ #71 p>^h aJmaoDJUL £<^t}. 
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<57> i 9« #2:^, #7l a))^(56)-i- £tt &S.%)7)%;$] #ofl ^> 

^(103) * ?fl^^-(105)* * r 3l3- «§^^rtf. >y-7l ^^-(103)^: £ 4^ #7l ^> 

^■^■(67)4 ^H*V t| D ^£ ^*>-H, #7l ?fl^^-(105) «H s. 43] 7fl^§ ^(69)4 
^^tb4. #71 7fl^*r(105)* *g#*Rr ^3E. 5a^. 

<58> £ 10* ^S*}^, #71 ^g-*Kl03)* «K£ 3)171^} ^SlA>ol = 5}- ^ 

(silicidation process)* ^-g-tr^-. #7l ^slA>o]cg(. ^.^ o_ £ 5C ^ A :] -*l^<g ^ji}- -g-<^tr 
u <^* ^1~§-*H ^Al^cf. zl ^ji)., Aj-71 ^51^ 2)1^(56) ^Hl^r ^ ^s) 

AHc^-(io3c)ol ^AjSlJl, ^7) q^ ^ Aj^A>ol^^.(103c)^: £ 5<HH ^4 Jg.<|3 

tr #51^- ^^^4. ^, #71 ^ ^&lA>olc^- (103c) o. t y 

q^ ^ ^sl^l = ^-(103a) ^ #-¥- ^ ^A>ol 103b)* i^d-. 

<59> oj^Ai, £Al§>^^ ^Xln>, Aj-71 U| *B ^ ^ A} JE. ^( 103c ) * i^SRr «}£^7l 

£H1 ^* 3*W. #71 ^4? -g-^ 51 6^ ^21- «J-^-§- Af-g-^o) 

<eo> <^*fl!r; examples> 

<6i> o]^Hl^^, #^*V ^Al^s-ofl oj-el- aflaj-^ Al^s-( samples) ^z]7}x) 

(various measurement results)* ^^^>7lS. tr^f. 

<62> £ 11^- $^6Q ttJ-S}- tgAjs} e}-^- # Aje)A>ol^nV ul ^gflo} ^ ^ ^ ^^A> 

ol^n|^ cfl <l^sl^:£. ^(resistance vs. annealing temperature characteristic)* 

iL°^ir ^HflHolcf. £ ^efl^oH °\o]a) t 7}Z_^( abscissa)^ ^7} <£x\z] ^5L 
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(additional annealing temperature)* M-Bl-iflji, >*fl3.^£: ^^^-( s h e et resistance)* M-Br 

<63> M. ygx$6\} 4a u)*2 Ej-ig-g. ^AH^^r 3.5 atomic%^ ^# f-B^g- u) 3] 

El^nv^ a>-§-^o} ^^ji, f^o] ^ ^e)A>oi^oi-^ ^ u)^^( pu re nickel 
layer)!- A^sfoj ^^r534. #7l ^ 2-^f- ^E)^ ^Hsjs- 

^Hl ^^^j^-S ^sq&r}. o]^a^, Aj- 7 ] q^ ^-f^ ai Aj. 7 i ^ 450°C^ £- 

£-<HH 30^ ^-<# l^sl^cf. zl ^-7] *3e|s ^H^so] a^-irofl U]^ Ej.ig-.g- 

^ 2.1c ^e]aH = ^ ^(room temperature) vfl*l 750°C Afo] o| ^ ^7>S 1 

^S]£l^cf. #7] ^7> <£x\b\ ^ (additional annealing process)^- #4* ^(RTP; 
rapid thermal process)* ^>-g-^>^ 5^- 

<64> £ 11# #2^, -g- MJ-^ofl rq-S^- Ej-ig--^ ^AVol^nVO. ^( room 

temperature) ^ 750°C 1*13 t-HH igT^j- ^-^-g- iL^q. 

=?-$\A SLS., £ irj--g. AJ-7] Ej-^ ^^AfolH.^ 750°C^ £r£-<>lH ^a}^ 

1*1^ *3 ^MlS ef 4.5 ohm/sq.^l -g-^ ^*J-g- ojo]] aV^-o) ( q^g £ 

^ ^£lAfo] cov^ 600°C5L4 ^o. ^£011 a^ ^* iLSS^f. ^ 

*H3JLS., ^sflo^ q*g S.^ ^^A>olco|^ 750°C£] £r£.°lM ^a)^ ^7} ^ J^6fl 

^ 100 ohm/sq.^ ^%>* j£#tK ^^(to be precise), £. 11^ ^7-R v & 

•i-^r 4 v 7l 7]^ 13 7-RV3K sheet resistance value)* S^W. <*|7H , #7j 

^1 °1 ^ ^ ^aV^o.S ^ 1500 ohm/sq.3 ^^%>* tcj.^ , ^7} &x\i&2) ^ 
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^ *^cr #fr^ tfl^-^ 4V 7 ] ^A}o)j=nvi--g- jfr^q.. O.S., £ 1H il 

<^^1 sheet resistance values W ^3-2.5. <#7] ^^AHE^t^l 

<65> ^3 o. s> a. ^oji ^ = q?3 ^e)A>o]H.^o. ^eflo^ q^ at ^e)A|-ol = 

n^-ofl a]^ <I3 ov^^-g- J££q-. 

<66> £ 12^ ^ofl ft'grf- ^^A>o]cn]- ^ ^eflo| q^ £ ^ ^ejAfo}^^ 

5" ^ £.-!•( sheet resistance uniformities)* Ji^^r^ neflHo]cf. £ I2q ZLEfl^ofl 

9X°]*], 7}S.^ M-B^vflji, ^ls^^r ^^^-i^rCcumulative distribution rate)* 

qq^. 

<67> ^- ^ofl af^ ^el4«l£ B # 3.5 atomic%^ q*g 

E}-^- # nV^ ^s>^Jl, ^eflo} q^ ^^A>ol£LS|-& ^ q*£n)-(pure nickel 

layer)* A>-g-s>a} ^7] q*3 ^ S.^ 500A£] ^?fl ^ 

500Aq £^ 5r^l ^Eflo^( line-shaped) sfi E dt ^H] ^£]&T=r. olo^, 

7l q*a ^l-§-^ ^ ^ q^-g- 450 °cq ^oflAi 30^ ^<L> <i^sl^q-. zl 

4^- q^ ^^A>oi = ni- ui ^q q^ ^^a>o1 = ^-o1 # 7 j #q^e| 

^ sfl^l-^ ^M^^l ^^sl^cf. i=fAi iHW, ^- 7 i q^ E^^-f- ^e]A>o]c ^ q 

€ -S-ic ^e]A>ol= sfl^-i-^ 500 A ^ ^-8: ^5.^- ^3 53^f. 
<68> £ 121- t^ofl q-ef M€ ^a}oi= sfl^s.^. ^ 4 

ohm/sq. 6 ohm/sq. q $<a*r ^^-&;l-§- iL^q. o] ofl i&sfro} t f^q q^ £ic ^3 

a>o]c afl^^ q= 30 ohm/sq. vfl*] 300 ohm/sq. q feul Ir^tKhigh and non-uniform) ^ 
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<69> £ 13^ ^ofl A}-g-s^ ^ vfl^ ^(tantalum content)^ 

<70> a o v 71 u)^ ^#^-1:^ ^el^- ^olsls. ^-ofl 31^^0.5. ^^^Jl, ^>7l ^m. Qlk 

#*M-£r 450-C2] ££0^ 3os <i^e)£)$m. n. ^-7) ^o]^*^ K ^ 

<7i> 5L 13* ^-2:^, 0.1 atomic% ^fl^l 10 atomic%^ ^ ^IM"^ 

-§- ^5lA>o]cn|s^ oi 6 ohm/sq.^c} ^ i£x-KV-g- i^cf. 

^1, 0.1 atomic% 5 atomic%^ £^ ^iM-^-i: A)~g-<5H 

^£l4°l^ D -lt^ ^ 4.7 ohm/sq.^l -^Utt ^ 51 13<=>H &<H>H 

, 0 atomic%^ Hj-ig-f- ^-^-i- #i=. ^ M^^Hl Sfl^tM}. tb^ , ^-7] b}- 

10 atomic% 5E^r lief ^ ^-Mfe, £ 13^1 ^-o] a o v 7 ] q a] e}- 

!"# ^b^H^o] Tg^^o] -g-^s) f 7 }s}S4. <« S^, 15 atomic%S] ^-f- ^-g; 
^#^* Aj-g-SH M€ ^e)A>olH.^ 8.1 ohm/sq.^ 

<72> 3^a|o.3., ^7]^ s-^ij- o^e^i <LM^(thermal stability)* M 

atomic%HLtJ- ^o] wj-^-^j^cf. f>}?\)^ t s$ 7 ] vfl£) i^ig-g- ^> 

5 atomic%^.cf ^&r. 
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<73> ^ > 3 5 atomic%^| t^-g- f-^, 5 atomic%^ eh^rf- ^-^= * 10 atomic%^ ^-p- 

(material structures)^ ^i^^ S^^dEM) ^ RBSCRutherford Backseat tering 
Spectroscopy)* *}-%-f>}^ £-^£]&t}. <^7H, aj- 7 } ^r^f-^-i-^ l^e] 450°C 

3 ^.E°1H 302: ^l^&tf. <$7l ^41- (ana lysis results)^: 4-§-^ A 

<74> [ S 1] 





^-t- NiTa = ^ 


*!■-¥■ NITa ^e|A(-o|H.^ | 


Ni 


Ta 


Si 




Ni 


Ta 


Si 




3.5 at% 


60 at% 


12 at% 


28 at% 


39 A 


48 at% 


0.1 at% 


51.9at% 


320 A 


5 at% 


30 at% 


54 at% 


16 at% 


33 A 


50 at% 


0.2 at% 


49.8at% 


420 A 


10 at% 


1 at% 


98 at% 


1 at% 


40 A 


50 at% 


0.2 at% 


49.8at% 


435 A 



7>^tq-. 

3.5 atomic%^ M^t ^>-g-*H M€ ^ 

A V°1— $1°]*), <#7] <#*f ^OT ^^a>o)je.^ 39 7>3U #7] *>^- 

^# -g^W^^ 320 A 9] ^11- 7>^cf. ol ^-fofl, ^71 #JjL u)28 bHM- ^ 

Al-ol^n]- tflcq e}-^ 12 atomic%°l&JI, #7l *>-*f ^^A>ol = ^- ^o} 
tlrW 0.1 atomic%ol5Jcf. 
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<77> g:^ 5 atomic%^ £fe ^ *r-8-«H ^# 

^s]a>o]c^ch] ^o^, ^-71 #-*f ^# ^2]4°1 = D ^ 33 7>3U ^-71 

^^a>o]c^ 4 2o 7>^cf. o] ^-fofl ) #7] fii}-^- 

^^A>olH.nV gj^ Ej-i^-g- 54 at0 mic%ol^Jl, #7l Ej^-g- -^^Aj-Ol ^ 

^ W# 0.2 atomic%ol^cf. 

<78> o]ofl d*H, io atomic%^ ^^-f- f-e^g- ^-g^-i- a}-§-*H uj^ 

Ji ^-71 *}^- e^-§- ^^AVojc^c. 435 Aal 3=^3. 7 >^rf. ol ^ofl, ^-71 ^ v) 

^ Mf- ^^A)-o]H.nv ^o} ej-ig^ ^o. gg atomi c% °1 Jl , ^-71 ^ ^# ^e] 

<79> ^^JLS, ^-71 f^-g^ iflSj fti^ f-^o] ^7>^*lS]-5=, ^>7l U)^ fj- 

!:# ^^4°l-^ev^ a^w] (composition ratio)^ 7^^ ^^l &&t}. zl^u)-, #7l 

-^-^^ (abruptly) #7>£]^cf. 
<so> ^3-° 3-, #7l ^-t*^- tfl<q fj-^-f- ^^o) ^ 7> ^ ^-71 E^-^ ^ 

^4°1^ D -]' ^ ^<tf" #*8=S) #7>Sf o}-g-&|*) #71 U|2S Ej-ig-g. ^^A>ol^^ igT^o} 

^Sfl^ ^ O-S o]^^ ^ o|cf. r4^, £ 13 ^ #71 [SlS^-El ^ 5ft*°l, # 
7l ifls] ^(tantalum content)^: 10 atomic% iLc}- ^ ^lol «>fJ-^^> 

<si> oiofl i^sH, #71 s>Jf fj-^ ^e)A>oi = ^o. ^. 7l [s]o]1 7l ^ H ^ ^. ol ^ 
71 ^e)A>oi^^d- ^^^cf. 
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<82> cl i}d}7M( furthermore), £ 11<M #7l q?i ^ a} oj.cn}- o] cf^j£ 

7} S. 14ofl ^^4. £ 14fe ^7> ^^e) #ofl ^nl^(TEM)^- A}-g-*}c*| 

(taken) A^olcf. 

<83> 145.^-Ei <£ ^ ^oi, m. ^ofl 4^ ^e)A>oi^^ ^w. q 

€ ^^a>o]h.^(£ 14^ layer 2) g Ej-ig-g. ^ a}c>1 ^(51 layer 

<84> Aj"#tr «V^r ^°fl ttr=^, ^ $7Hldi( additive element)!- 

*r^r a]~§-<*H ^ ^e)A>o]^^ 3^*11, Aj-71 u)^ ^ ^ 

^A>oi^^ ^ ov^aJ^- 7fl^A]^ ^ flrf. o]ofl rc^ej-, aj- 7 ) ^ ^e)A>o]c 

th t±X\ ^aflAj, Ais]^ o^^. ji^^- ti>£^l^>(reliable high performance semiconductor 
device)!- *flS*}^ 7>¥*r*=r. 
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1] 

^-n-*Kr to^l7l^; ^Vofl 3^5: ^=<q ^ 7 >^4i(at least one species 
of additive element)!- ^-n-^(containing) ^*>sl, <#7) 

^ ^7>^4i^ ^(content )£: 0.1 atomic% 10 atomic^o^:!!, 

2] 

#7] ^7>^i^ o.l atomic% 5 atomic?**?! 3# ^ °. 

j§L ^ lH]A}ol£ 

3] 

1 ^Hl 

* ^-71 <i^s^ ^7) «V-g-*}^ ^ ^ ^ ^ ^e]A>oic 
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i^^ty 4] 

3-8: ^JlS ^ ^^Afol^ 

5] 

*fl 1 5^1, 

^>7l a]ol £ *V ^ 7 >^^ ^^#(Ta), ^]s a ^-( Zr)) E}olBf^-(Ti), *>HM-i- 

(Hf), ^i^(W), ia^B(Co), ^(Pt), H-§-(Cr) ( #^-§-(Pd), «>q-tq-§-( V ) ^ M^til-g- 

[3^*8- 6] 

*)1 1 5U<H*1, 

#7l ^=.0^ ^7>^di^ ^Ir-frCTa)*! 3* ^iLS. ^ ^e)A> 

7] 

-#7] 200 °C ifl*l 700 ^rS^H ^^l£]^r 3* ^ sfe ^ ^ 
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[^t 1 * 8] 

A i « sa<H-H, 

#71 I^Blfe 300 °C tfl^l 500°C^ ^r^H ^^s)^ ^ -Hf-^ 0.3. *}t= u)^ ^ 
[^T 1 * 9] 

£ TflojB ^ #71 TlHB 3Sfl^^ ^ o. ^HAil- 2V JL> 

tt*>^ M€ 3^3, #71 ^ol£. ^7^^^ 0 x atomic% tfl^l 

10 atomic%°l j1, 

#7) ^s]-8- 5fe ti_Vs.^7l^ I^^^H #71 i^/2.efl<y 

#°11 W ^^Aj-ol^nvo. tg^sj.- ^ 5L^-s>^ ti>£^^>^ ^l^ H o V ^. 

10] 

#71 711 °1H ifl^^r ^#*Rr 3^ 

#7] yV£^l7l^r -tfofl A^aavi. *$s§Z\aL, 

#71 ^el^^ 2flE^*>^ Ifj}El, ^7) 3flE^^ ^el^-BV ^ ZL #7l 
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[$^* 11] 

*0 9 %H1 

12] 

-8-71 ^ojS. & % 7 }Q^o) o.l atomic% 5 atomic%<y 3* 

3. t}^ til£^1^7>^ ^S«o V ^. 

13] 

*fl 9 &<>H, 

^71 a^S. *V ^Hflife ^#(Ta), ^l=^(Zr), EW^-wCTi), 

(Hf), ^i^l(W), S^H(Co), ^-g-(Pt), H-§-(Cr), ^^-g-(Pd), w>M-tq-g-(v) ^ q^l-g- 
(Nb)iLS o] -Lo]^l <y ^ ^o]s, ^uj-o] O.S. ti>S.^l4i7>^ . 

[^t 1 ^- 14] 

9 &<>H, 
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[$^.15] 

^7} ^^-g- l^^^fe 200°C vfl^l 700 M £rJE<HH *U]3tt ^-g. 

16] 

^7} I^SjSRr 7 A£r 300 °C vfl^l 500°C^ ^J^H ^13tt ^ 

17] 

*fl 9 %H1 sa«H-H. 

(unreacted) M^t t^^M: *J|7l£|-JI, 
18] 

17 *<H1 5^*1, 
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19] 

*f| 18 *M XH*!, 

SJ. 

[^T 2 -^ 20] 

€ *MB ^fi^ , ^ ^"71 7)HH sfl^Sl ^MM^-i" 5> Jli 

^7] £i H^flxliE-l* ^ tiV£^7l^; tfofl ^-71 7))o}^ afl^^ ^ i=. 

u >^3 3Efl^^- ^^^S], 4>7l P>ia Sfl^^r ^-71 ^^i/^efl^l cg^S.^ ^ JL> 

o.^ #7] qo)S. & ^9] $7}#±si\ 0.1 atomic% ifl*l 

10 atomic%°liI ) 

21] 

*fl 20 ^1 9X°]^, 

#7} ^o]$i ^=o} ^ 7 >^^ ^#(Ta), *l=iEL^-(Zr), ^o]^(Ti ) , *}-HH-g- 
(Hf), ^3!(W), :3^H(Co), «]^(Pt), H#(Cr), ^BM-g-(Pd), w>i4^^(V) ^ 
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22] 

A 20 9X°]*\, 
23] 

A 20 %H1 sa°H, 

^-71 ^e^Hr 200 °C ifl*l 700 M ^r£.ofl>H ^J-g- 

24] 

Xl 20 *<H1 

^1-7) u)*S ^^-g: <l^el*Kr ^ 300 °C ifl*l 500 M ^3E.°lH ^*1£)tt 3* ^ 
25] 

^3^8: ^£^71*^ ^-ofl ^SlS), XI 1 ^(first content)* 

^<>\SL ^ fr-fr^l ^7}^l4i(at least one species of additive element)* tHf*^ M^S 

^-7] ^ ^ ^e^Ai-oic^. ^ ^S^^IjI #7l XI i ^sit* €• XI 2 tflf-g- 5> 

^ #71 ^c^i fHT^l ^7>^4il- ^-ff*Rr M€ ^ ^^A>o]c^ ^<5}S), # 

71 #Jf- ^ ^S^M-E.^ # 7 ] ^^AVolcnV^q. o}=o. ^ o. h^,o^ 
*>tt ^ ^^Aj-Olc^- 
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1*3 ^ 26] 

*fl 25 %H] 

^SLg. *}^r q^S ^ ^&l^>ol = ^-. 
27] 

25 &<>H, 
28] 

*fl 25 %H1 5^*1, 

(Hf), ^i^(W), 3tS(Co), ^#(Pt), £L#(Cr), ^q-g-(Pd), *H-q-g-(V) ^ q^wj-g- 
(Nb)-2-S ol^-^^l <H ^MS. 3# ^'AS *Rr ^ ^&)A>olcn]. 

[^t 2 -^ 29] 

*fl 25 %H1 SU^H, 

#7} *\°]5L & %7}Q±^ ^#(Ta)<a 3fr ^ qa] ^ ^e]A> 

[33 T 1 ^ 30] 

A 28 %H1 &<>H ( 

#7) *fll #^J=£- 0 atomic% 4.9 atomic-fto]^, >^ 7 | ^ 2 5 atomic% 

60 atomic%<y $-=r ^r^SL^ t}^ q«] ^ ^5]a>o]c^- 
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[^t 1 * 31] 

28 %m 

A oM ^ ^ ^elA>oic^-o. ^.w. ^ j= ^ ^. 7l 

^ ^A}o]j=n}.^ ^^l^-^](total thickness)^! 70%*\] sfl^Rr 
^-§: M€ tJ"^- ^e^A>o] = n|. 
32] 

^hE^l^l o]z*Q (spaced apart) ^ ^efl«] 
#7] ^i/=eflo] <g<gs. a}o|o} ^ cg« ^ofl tifl^]^ 711 olB aim; 

#7] i^.>i/^efl<y ^^1- ^Hl *H1^. ^ ^e]A>o]c^- ^ ^.w. 

-M^Aj-olcpvo. ^ U ^ (first content)^- ^°]5L & ^7}^i(at least one 

species of additive element)-!- ^--fr^r^l, #7l ^j-^ qa] ^j-^- -^e] a>o]^d|-^. ^- 7 ] 

^7>. 

33] 

A 32 %H1 5a<^1, 

#71 TIME j^O. ^eflS. 2)1^ ^ ;g<£n}- sfl^ i^-^ 

3. avE^n^l*}. 
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I^^r 341 

*fl 32 9X^\M, 

^7} TflolH 3Jfl^ol ^El^- 2fl^o] ^-fofl # 7 j 7flo)E s)]^ Aj-ofl t}s u) ^ ig- 

A o v ^ #7l ^ aj^aMhiv^ #^^S(the same material structure)! 

f^^g" 35] 

4 32 ^o^, 

^-7] ^o^ £ *V ^ 7 R1^ ^lM-(Ta), *l=isMZr), Bfo] ^BrCTi ) , ^u)-g- 

(Hf), ^*i31(W), i&^CCo), ^(Pt), H-§-(Cr), ^ef^-g-(Pd), wKM-g-(V) ^ i~)iM-§- 

36] 

*fl 32 ^1 $a<^1, 

Aj-7] *V f^f-o} ^7>^^^ ^#(Ta)<el 3* ^ te^^7>. 

t^^J- 37] 

35 ^H] 

^•71 ^11 ^-gr 0 atomic% 4.9 atomic%^Jl, #7] z\}2 5 atomic% vfl^l 

60 atomic% < ?] 3J-§: S}^ *}5.z]}±*}. 
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[3^8" 38] 

A 35 « 9l°]x], 

^7} ^f-T- ^ ^^A>ol = n|^ jg?) ^ ^e)A>ol^nj-o) ^J^o) 

70% ^1 ^^111- 3^- ^ ^ ti>£^]^>. 

39] 

ti>S.^7l^rofl ^^jt ol^^Cspaced apart) ^^-^ ^ £iefl<y <3 ; 

^71 41^/^eflo] cg^- a>o]o^ ^ ^ofl «ti*l^ TflolH 

^-71 TflolH #°fl ^ ^5]4oj£rt ^ ^ q| Tg-^ 

^SlA>olc^._o s ^ Aj^AfolH^ i^sj > ^- 7 1 ^Hf ^"g" ^eMH 

— ^ ^11 ^(first content)* tr ^fr^ ^7>^4i(at least one species of 

additive element)* ^-R-^-Jl, ^7) u|«] ^ ^ a}o] ^ nv o. ^ ^ ^-s^tf # 

[^T 1 ^- 40] 

*fl 39 %H1 

^71 ^ 7 >^^ ^ff(Ta), ^s^( Zr)) ^ol^(Ti), *}=L]-g- 

(Hf), ^€(W), ^^H(Co), ^^"(Pt), H^-(Cr), ^^^-(Pd), wHI^-S-(V) ^ ^.2.^1-8- 
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IHtt 41] 

A 39 %H1 

42] 

*H 40 %H1 &<>H, 

^•71 afli 0 atomic% tfl*l 4.9 atomic%°] ji, #7l >fl2 5 atomic% vfl^l 

60 atomic%«y ?}^§- «V£*lliii*>. 
43] 

40 %H) 9X°]*\, 

^-7] ^ ^^Aj-olcn^-o. A o V 7 ] u)^ ^ ^ejAVolcnV^ ^j^o} ^ <>| £ 

70%ofl ^fl^>^ ^Ji 
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